Introduction
Services and innovation have characterized the recent growth of world economies (Aboal, Bravo-Ortega, & Cresp, 2015; Battisti, Gallego, Rubalcaba, & Windrum, 2015) . Against this backdrop, the service sector (significant, especially in developed economies) and innovation (the acknowledged engine of economic growth) emerge as a research field with an increasing highprofile and relevance (Djellal, Gallouj, & Miles, 2013; Lazzarotti, Manzini, Nosella, & Pellegrini, 2016) . However, despite the growing importance of the service sector in developed economies (Castro, Montoro-Sanchez, & Criado, 2011; Crevani, Palm, & Schilling, 2011; Czarnitzski & Spielkamp, 2003; Un & Montoro-Sanchez, 2010) , studies on innovation in this sector have only gained impetus in the last 20 years (Bryson & Monnoyer, 2002; Castellacci, 2010; Gallego, Rubalcaba, & Hipp, 2013a; Gallego, Rubalcaba, & Suarez, 2013b) . Until then, they were focused mostly on (tangible) products and the industrial sector (Bryson & Monnoyer, 2002; Castro et al., 2011; Droege, Hildebrand, & Forcada, 2009; Toivonen & Tuominen, 2009; Un & Montoro-Sanchez, 2010) , services being regarded as the "laggards" as far as innovation was concerned (Camacho & Rodríguez, 2005; Droege et al., 2009; Gallouj & Savona, 2009 ). The specificities and heterogeneity of this sector were some of the arguments used for innovation in services to not be recognized at all (Gallouj, 2002a (Gallouj, , 2002b Gallouj, Weber, Stare, & Rubalcaba, 2015) .
T h e a r r i v a l o f In f o r m a t i o n a n d Communication Technologies seems to be the turning point of this backdrop (Nardelli, 2015) , in which services were no longer seen merely as "laggards" or "passive recipients" of technology arising mainly from the manufacturing industry, but as nuclear, i.e., as the engine of the new knowledge-based economy (Gallouj & Savona, 2009) . Recent studies confirm that not only are services more innovative than we imagined (Castro et al., 2011) but, in some fields, they are more innovative than the manufacturing industry average (Cáceres & Guzmán, 2014; Gallego, Gutiérrez, & Taborda, 2015;  Organization for Economic Co-operation and Development [OECD], 2005a) , having a crucial and multivariate role in the current economy as providers, users, precursors and intermediaries in the innovation process (Battisti et al., 2015; Czarnitzski & Spielkamp, 2003) .
Since the boundaries between products and services, between tangible and intangible products are increasingly subtle (Gallouj & Savona, 2009; Vergori, 2014) , the advancement of research on innovation in services in order to better understand and characterize its nature has led to the emergence of studies on innovation in services, alone or in comparison with other sectors of activity, particularly the manufacturing industry (Carlborg, Kindström, & Kowalkowski, 2014) .
Nonetheless, facing the increased attention received by innovation in services over recent years (see den Cáceres & Guzmán, 2014; Hertog, Aa, & Jong, 2010; Rubalcaba, Gago, & Gallego, 2010) , López and Ramos (2015) argue that further research is needed to gain a better understanding of the nature, determinants, and effects of innovation processes in services.
Indeed, there is still a reasonable ambiguity of results achieved to date in this field. Some studies demonstrate that service sector is as innovative as the manufacturing sector -for instance, Álvarez, Bravo-Ortega and Zahler (2015) , which analysed 7192 Chilean companies, Carvalho, Costa and Caiado (2013) that focused on 4504 Portuguese companies, Evangelista and Vezzani (2010) and Sirilli and Evangelista (1998) that examined Italian companies, or Forsman (2011) which explored the types of innovations developed in small Finnish manufacturing and service companies. Other studies found evidence that service companies have low propensity to innovate (López & Ramos, 2015) , and fall behind their manufacturing counterparts as to innovation performance (Tacsir, 2011; Zahler, Iacovone, & Mattoo, 2014) . In sharp contrast with the latter set of studies, Gallego et al. (2015) , analyzing Innovation performance in service companies and KIBS vis-à-vis manufacturing: the relevance of absorptive capacity and openness 7765 companies from Colombia, concluded that service companies, regardless the type of innovation, innovate more than manufacturing companies.
Additionally, some determinants of the innovative performance of service companies, as compared to manufacturing companies or the Knowledge Intensive Business Services (KIBS) sub-set, demand further exploration (Djellal et al., 2013) , particularly in what concerns the relation between companies' absorptive capacity, openness with scientific, market, and other partners, and innovation performance (see Lazzarotti et al., 2016) . In this context, the present paper contributes to empirical literature on the innovative performance of service companies, at three main levels.
Firstly, human capital, as a key component of companies' absorptive capacity (Cohen & Levinthal, 1990) , is accounted considering its heterogeneity in terms of education levels (see Becker, 1983) . Human capital provides a competitive advantage for companies and is an essential part of innovation (McGuirk, Lenihan, & Hart, 2015) . However, the bulk of empirical research in the field fails to take explicitly into account the heterogeneity of human capital, namely in terms of education levels (Crook, Todd, Combs, & Woehr, 2011) . Nearly all studies proxy human capital as the proportion of highly educated (Czarnitzki & Spielkamp, 2003; Moreira, Silva, Simões, & Sousa, 2012; Pires, Sarkar, & Carvalho, 2008) or skilled workers. To the best of our knowledge, no study has yet assessed whether highly educated workers with distinct levels of education (undergraduates, masters, PhDs) distinctly impact companies' innovative performance and whether this potential differentiated impact occurs similarly in service and manufacturing industries. The rise of a more knowledge-based economy can render PhD individuals, who are trained to conduct research, critical elements in the creation, commercialization and diffusion of innovation (Garcia-Quevedo, Mas-Verdu, & Polo-Otero, 2012; Herrera & Nieto, 2015) . Nonetheless, in Europe (and in Portugal specifically), companies often prefer to employ highly educated individuals without doctoral degrees (i.e., undergraduates or master), as they consider those with a doctoral degree to be too specialized or with a mindset not matching the business rationality (Barroca, Meireles, & Neto, 2015) . The clarification of such a debate is a challenging and pertinent task.
Secondly, we explicitly address the overlooked issue of R&D persistence. The literature is almost unanimous in recognizing the relevance in-house/intramural Research and Development (R&D) activities for the innovative performance of companies (both service and manufacturing) (see Carvalho, Costa, & Caiado, 2013; Pires et al., 2008) . Recently, however, Leiponen (2012) and Añón Higón (2016) uncovered that it is the regularly performed R&D, rather than just performed R&D, that is a critical determinant for the innovation performance of respectively, Finnish and Spanish companies. We complement the studies of Pires, Sarkar and Carvalho (2008) and Carvalho et al. (2013) , which analyzed the determinants of innovation of Portuguese service and manufacturing companies (respectively, for the periods 1998-2000 and 2002-2004) , by assessing, for a more recent period (2006) (2007) (2008) , the role of continuing intramural R&D on (service) companies innovative performance.
Thirdly, we fill a research gap by investigating whether the companies' openness and the relative importance attributed to the distinct sources of information for innovation (most notably, market -clients, suppliers and competitors; scientific -e.g., universities and other science and technology organizations, and others -e.g., exhibitions and trade fairs, industry associations) influence innovation outcomes similarly in service (and, within it, in KIBS) and manufacturing industries. Despite external research being regarded as a key strategic concern to global economy, the patterns of innovative research have been mainly explored in the manufacturing setting (Leiponen, 2012; Marin & Bermejo, 2015) . Focusing on Portuguese service companies, Janeiro, Proença and Gonçalves (2013) empirically assessed which factors influenced the collaboration of companies with universities for innovation related activities. However, the influence that this and other external sources of information for innovation have on the innovative performance of service companies was not investigated. We address this gap by considering scientific, market, and others sources of information for innovation, and the number of external and foreign entities with whom companies cooperate for innovation, as innovation determinants.
Using a database with 4128 companies -1489 from services (614 of which KIBS) and 2639 from manufacturing -located in Portugal that answered the Community Innovation Survey 2008, covering the innovation activities in the three-year period 2006-2008, we analyze econometrically the key innovation determinants of service and KIBS vis-à-vis manufacturing companies.
The structure of this study is as follows. The next section presents the review of literature on the determinants of innovation in Services. Section 3 shows the methodology of analysis and how CIS-2008 data is accessed and processed. Data analysis and the presentation of results of the estimation of models are shown in detail in Section 4. Finally, the Conclusion discusses the results obtained in light of existing literature and summarizes the main conclusions and contributions of this study, indicating directions for future research on the topic under analysis.
2 The determinants of innovation in services: conceptual framework and main hypotheses to be tested
The services regime as relevant analysis framework
Innovation activities, in both services and manufacturing, are about creating or sourcing relevant knowledge and combining it in new and valuable ways (Leiponen, 2012) . But, as Vergori (2014, p. 147) says, "the concept of innovation has been traditionally related to the industrial sector."
The understanding of innovation in services has evolved swiftly and significantly (Zahler et al., 2014) . Three main approaches can be identified -technologist/assimilation, demarcation/differentiation, and synthesis/ integrative -to disclose which basic assumption on innovation in services takes the lead in contemporary research (De Fuentes, Dutrenit, Santiago, & Gras, 2015; Djellal et al., 2013; Droege et al., 2009 ). 1 Initial contributors to the debate on innovation in services considered the service sector a laggard in terms of innovation, merely 'serving' important sectors in the economy (Barras, 1986) . Given the relation established of innovation in services to technological competence gains and progress in information technology in general, Barras' (1986) theory became known as the technologist approach (Gallouj & Weinstein, 1997) . This approach, also known as 'assimilation perspective', argues that services should be measured and evaluated in the same way as manufacturing (technological) innovation (Coombs & Miles, 2000; Drejer, 2004) . In sharp contrast stands the 'demarcation approach', which held that innovation is very dissimilar to services and thus has to be understood and measured in an entirely autonomous way (Djellal & Gallouj, 2001) . More recently, the 'synthesis approach' emerged, focused more on efforts to bring together innovation in services and manufacturing than on studying both fields separately (Coombs & Miles, 2000; Gallouj & Weinstein, 1997) . In this approach, it is recognised that there are a lot of common factors between manufacturing and services, but also particularities of the services sector which affect the way innovation takes place (Droege et al., 2009; Tether & Howells, 2007) .
Following the contribution by Chang, Linton and Chen (2012), we adopt their 'services regime' approach as the conceptual framework for analyzing the determinants of innovation of service companies. The services regime integrates the synthesis perspective and offers a framework that is rather comprehensive due to its consideration of sources of innovation, properties of the knowledge base, and the cumulativeness of (non)technological knowledge. According to the authors, "service firms have patterns of innovation that are best described as loosely coupled systems with diversified sources of innovation [and] multiple innovation trajectories" (Chang et al., 2012 (Chang et al., , p. 1569 .
Our model (and the corresponding hypotheses), depicted in Figure 1 , considers innovation as combining multiple trajectories relevant to technological and service innovation (most notably, product, process, organizational and marketing innovation). Grounded on the services regime, it encompasses two main blocks: 1) the knowledge base and the absorptive capacity dimension; and 2) the openness dimension, which includes companies' propensity to cooperate with external/foreign entities and the types of external sources of information for innovation they might rely on. Note. Grey cells identify external knowledge and sources of information; H identifies the main hypotheses to be tested.
Absorptive capacity, defined originally as a firm's ability to learn from external sources (Cohen & Levinthal, 1990) , includes two capabilities (Zahra & George, 2002) , argued the ability to evaluate and acquire external knowledge, and the ability to exploit this acquired external knowledge.
Such abilities are frequently associated to the several dimensions of human capital (Schneider, Gunther, & Brandenbury, 2010; Vinding, 2006) , internal (intramural) and external R&D (Battisti et al., 2015) , (in-house) training (Leiponen, 2012) , and the acquisition of new equipment and machinery (Carvalho et al., 2013; Pires et al., 2008) . A number of recent studies have called the attention for the issue of persistence in R&D engagement (see García-Quevedo, Pellegrino, & Vivarelli, 2014) , that is, the engagement in R&D activities in a continuous, regular way. Empirical evidence shows that innovation output is significantly determined by innovation input, implying that innovation output persistence should be closely related to innovation input persistence (Máñez, Rochina-Barrachina, Sanchis-Llopis, & Sanchis-Llopis, 2015) . Studying 533 Finnish companies, Leiponen (2012 Leiponen ( , p. 1257 found that "contrary to received wisdom, regularly performed R&D plays an important role in innovation of the set of service industries included in our sample." In a complementary view, it is often argued that, in services, (in-house) training compensates for formal R&D activities, since relevant capabilities in business services reside to a large extent in individuals and teams as opposed to equipment or blueprints (Leiponen, 2012) .
Openness reflects how intensively and through which sources a firm collaborates with external actors to enhance its innovation (Lazzarotti et al., 2016) . It is often associated to the 'open innovation' model (Chesbrough, 2003) in which external sources of information and knowledge sharing outside the organization are seen as the crucial resources for the development and implementation of innovation, both in services and in manufacturing. Some authors suggest (e.g., Tether & Tajar, 2008; Uppenberg & Strauss, 2010 ) that service companies rely to a larger extent on external sourcing of new knowledge. They further claim that service industries tend to innovate more in interaction with customers, suppliers, competitors or consulting companies. Additionally, Arundel, Kanerva, Cruysen and Hollanders (2007) documented that universities and research institutes are on an average less valued as sources of information or as collaboration partners for service innovators relative to manufacturing innovators. Notwithstanding, López, Astray, Pazos and Calvo (2015) underline that we know little about the role of a service firm's strategy in collaborating with universities (and other scientific related sources).
Main hypotheses to be tested

Knowledge base/Absorptive capacity
In relating the qualifications of the work factor with different types and degrees of innovation in small service and industrial companies located in the United Kingdom, Freel (2005) concluded that service companies that present novel innovation 2 in the product tend to (significantly) employ more technicians and engineers/scientists, and provide intensive training. Moreover, in the case of service companies, the intensity of training is greatly associated with the novel innovation in the process, and the more innovative companies (whether in services or industry) offer more training to their employees.
Concern for human capital is also a variable of analysis in the studies by He and Wong (2009) on the KIBS in Singapore, and by Pires et al. (2008) for service and industry companies in Portugal (based on the CIS-3). Both studies adopt a perspective of training and education of human resources, assessing in particular whether company employees are part of training programs or whether they have higher education training.
For He and Wong (2009) , KIBS are highly dependent on expertise and skills. In their study, the level of formal education of human resources is positively related to the tendency to innovate in KIBS, especially in terms of product innovation. Nevertheless, there is no significant relationship in training of human resources (neither for product nor process innovation).
In the case of the study by Pires et al. (2008) , however, which focuses on Portuguese service companies, the training of human resources has a significantly less impact on innovation in the service sector (both in product 3 and in process) compared to the industrial companies, while the level of formal education of human resources has a significantly greater Innovation performance in service companies and KIBS vis-à-vis manufacturing: the relevance of absorptive capacity and openness impact on product innovation, but significantly less in process innovation.
All in all, regarding the companies analyzed, Pires et al. (2008) conclude that human resource training is positive and significant for pioneering and process innovation, while nothing can be said about product innovation. Now, with regard to schooling, this variable is significant and positive only for process innovation, and has no statistical significance in terms of process innovation.
Based also on CIS data (in this case, CIS-4 for Germany, regarding the period 2002-2004), for service and industrial companies, Schmidt and Rammer (2006) concluded that, for the group of companies studied, the level of schooling of human resources has a significantly positive impact on technological innovation, 4 but nothing can be said for the non-technological type of innovation. In the same line of thought, Moreira et al. (2012) , focusing on the innovative capacity of companies in relation to marketing, and also using CIS-4 data (for Portuguese service and industrial companies), could not reach a conclusion on the relationship of human capital (through the participation of employees in training activities) with this type of innovation, since this variable was not statistically significant.
The rise of a more knowledge-based economy can render individuals with higher levels of human capital (e.g., undergraduates compared to individuals without higher education degrees; masters compared to undergraduates; PhDs compared to masters) more relevant for companies' innovative performance (Garcia-Quevedo et al., 2012; Herrera & Nieto, 2015) . However, the sluggish demand for very highly human capital endowed individuals, namely PhDs, by companies both in Europe and in Portugal (Barroca et al., 2015; Teixeira & Tavares-Lehmann, 2014) , blurs the role of human capital on companies' innovation.
Notwithstanding this remark, based on the results of existing literature, we conjecture that: H1: Human capital is positively and significantly associated with innovation H1a: The strength of impact of human capital differs for the KIBS sector, compared to other service sectors H1b: The strength of the impact of human capital differs for the services, compared to manufacturing industry The already cited work by Pires et al. (2008) allows us to 'bridge' over to another important variable associated with companies' absorptive capacity, the acquisition of knowledge. Further to the ability of companies to absorb knowledge (learned by the human resources through formal education, mentioned above), the authors also relate innovation to different forms of knowledge acquisition, described as "knowledgesourcing activities": 1) activities of internal origin (measured by the development of internal R&D activities) and external origin (measured by the participation in external R&D and cooperative R&D activities); and 2) knowledge-adoption activities, measured by the purchase of machinery, equipment and software. Pires et al. (2008) concluded that, in the case of service companies, internal R&D activities have a significantly greater impact on all types of innovation studied, when compared with the results of the manufacturing industry. Where external sources of knowledge are concerned, the external R&D activities have a higher and more significant impact on the innovation of products and processes, and were not significant for pioneering innovation, and the cooperative R&D activities have less significant impact on product and process innovations, being more significant to pioneering innovation (compared to industry). Finally, the purchase of machinery, equipment and software impacts less on process innovation, and there is no evidence in relation to product innovation (pioneering and non-pioneering). Pires et al. (2008) analyzed a set of companies as a whole and found that the external knowledge-sourcing activities (external and cooperative R&D) are significantly more important to product innovation, whereas the internal sources (internal R&D) are significantly relevant to process innovation, with the purchase of machinery, equipment and software being relevant in both cases. This data confirms the important role, in the innovative process, played by knowledge and the development of knowledgegenerating activities.
More recently, studying a set of Finnish companies, Leiponen (2012) uncovered that it is the regularly or systematically performed R&D, rather than just sporadic R&D, that is a critical determinant for the innovation performance of service companies. Complementing the studies by Pires et al. (2008) and Carvalho et al. (2013) , we consider, instead of the 'intramural' R&D, the role of 'continuing intramural' R&D on companies' innovative performance.
Thus, based on existing literature, we believe that the acquisition of knowledge and the activities thereof (such as continuing R&D, training and the purchase of machinery, equipment and software) have a positive effect on the companies' ability to innovate, bringing us to the following working hypothesis: 
Openness
Companies have, over the last few years, shifted their innovation focus from internal sources of information [as know-how and level of schooling of employees] to external sources, such as consumers, universities, suppliers and business partners (Gomes, Kruglianskas, & Scherer, 2011) . However, the topic has been analyzed mainly regarding to suppliers and customers, being scientific sources, such as universities, rather overlooked (Lazzarotti et al., 2016) .
Openness gives companies the possibility to expand their knowledge base in order to access advanced technology, new products and processes (Battisti et al., 2015) . It fosters access to complementary assets, which might result in the creation and development of resources that would otherwise be hard to assemble and to develop. Additionally, it enables companies to share the innovation risks and costs associated with R&D and reduce developmental process time (West & Bogers, 2014) . Varis and Littunen (2010) related different types of information sources 5 with the introduction of different types of innovation (product, process, marketing and organizational) in small and medium Finnish companies (with entrepreneurial characteristics) and concluded that: in terms of product and marketing innovation, there was a positive relationship with "Other external sources of information"; for process innovation, there was a positive relationship with information from "Financial support organizations"; and for organizational innovation, relevant information derived from "Cooperation relationships" and "Regional organization of knowledge." According to the authors, these results corroborate recent studies in this field, suggesting that the introduction of different types of innovation are associated with the use of different types of information sources and collaboration relationships (while noting that, contrary to expectations, a relationship with information sources internal to the company could not be established).
More recently, Robinson and Stubberud (2011) used the CIS-2004 data for Norway to compare the main information sources for innovation (from the point of view of the capacity to absorb knowledge) among small, medium and large companies, and concluded that among Innovation performance in service companies and KIBS vis-à-vis manufacturing: the relevance of absorptive capacity and openness the companies that introduced innovations to products or processes, the main source of information mentioned was the company itself, i.e., an internal source (49.9%, 55.5% and 62.8%, respectively for small, medium and large companies). As to external sources, clients are the most cited source (33.9%, 36.3% and 41.4%), followed by suppliers (20.3%, 20.3% and 16.7%), competitors (8.7%, 10.8% and 12.1%) and participation in conferences (8.3%, 10% and 8.8%). The role of universities as an information source for innovation comes in sixth, because only 2.5% of small companies, 3.3% of medium companies and 7.9% of large companies indicated this type of source, suggesting that the companies under study did not regard them as a very important source of information.
Studies on manufacturing industry suggest that the use of knowledge and information from external sources increase innovation performance of companies (see Laursen & Salter, 2004) . Although comparatively scarcer, studies focusing on services have succeeded in finding a significant relation between innovation outcomes and the use of external sources (Gallego et al., 2013b; Marin & Bermejo, 2015) . Marin and Bermejo (2015, p. 718) state that "the fact of service innovation being less reliant on internal R&D efforts suggest that service companies can benefit from a strategy of innovation development based on the use of external sources." In an earlier and widely cited study, Tether (2005) found that while manufacturers are more likely to innovate through collaborations with universities and research institutes, service companies are more likely to make use of collaborations with customers and suppliers.
Accordingly, we present the following working hypothesis:
H3: The use of distinct sources of information for innovation (scientific, market, and others) is positively associated with innovation H3a: The strength of the influence of the use of scientific/market/others related sources of information for innovation differs for the KIBS sector, compared to other service sectors H3b: The strength of the influence of the use of the use of scientific/market/ others related sources of information for innovation differs for the services, compared to manufacturing industry Innovation is regarded as the result of the interactive performance among various players and no longer as the mere isolated result of capabilities and internal operations of companies (Varis & Littunen, 2010) . The cooperation between companies and between these and other partners (such as clients, suppliers, universities and research institutes) have also been the focus of attention, because cooperation is key to success in the innovative process, due to the extreme complex environment and the demand for knowledge, which increases in quantity and specificity (Camacho & Rodríguez, 2005) .
Synergies can be developed through cooperative relationships and through access, sharing and complementarity of resources, capabilities, knowledge, experience and technology transfer (Gómez & Murguía, 2010) . When companies keep close links and mutually trust each other, there is less uncertainty and knowledge can be exchanged between partners, generating positive effects in terms of organizational learning and innovative performance (Hsueh, Lin, & Li, 2010) . The performance of other partners is also affected in that they can exchange knowledge and information (Vermeulen, De Jong, & O'Shaughnessy, 2005) . Moreover, the ongoing globalization of production and development processes has made cooperation with partners from other countries more relevant (Arvanitis & Bolli, 2012) .
According to Trigo and Vence (2012) , most studies in the field of service innovation have pointed KIBS as the leading sub-sector not only in relation to innovation, but also to the cooperative activity. Such a performance would not only be Aurora A. C. Teixeira / Lilian Bezerra the result of the high proportion of innovative companies, but mainly the consequence of the large number of innovative companies involved in most of the cooperation activities for innovation.
By relating the innovative activities in small Dutch service companies and the introduction of new products, Vermeulen el al. (2005) concluded that the use of external relations (for e.g., with suppliers and competitors) was most relevant, and that innovation in cooperation with other companies was only marginally significant. Hsueh et al. (2010) analyzed a set of software B2B (business-to-business) companies located in Taiwan and concluded that cooperation with suppliers and clients was positively and significantly related with the innovative performance of the companies, whereas cooperation with research institutes showed no significant relationship.
The impact of cooperation in nont e c h n o l o g i c a l i n n ova t i o n ( t a k i n g i n t o consideration only those companies that have this type of innovation) was also analyzed by Schmidt and Rammer (2006) , who concluded that companies that keep cooperation relationships with external partners are more likely to introduce organizational innovation, but nothing can be said in relation to innovation in marketing.
To ascertain the determinants and impact of national and international cooperation, and based on a comparative study of five European countries (Belgium, Germany, Norway, Portugal and Switzerland), Arvanitis and Bolli (2012) concluded that, overall, absorption capacity, yield spillovers and high suitability are determinants of both types, there being a stronger effect in international innovation; risk sharing, which is determinant only to international cooperation; and cost sharing, which was not determinant for any of the two types. In a more disaggregated analysis of determinants, the authors obtained significant differences between the manufacturing industry and services, and by country the results are more homogeneous in the case of international cooperation. In the specific case of Portugal, no relationship was established between the five determinants and national innovation (in fact, Portugal is the only country showing this result), whereas in terms of international innovation yield spillovers and high suitability are positive and significant determinants.
Regarding the impact on the innovative performance of companies, Arvanitis and Bolli (2012) reveal that, in line with other research work, international cooperation shows a positive and highly significant effect (i.e., companies involved in innovation cooperation activities with foreign entities tend to be more innovative), whereas national cooperation is not statistically relevant. The manufacturing industry, services and Portugal show the same results (the impact of international cooperation is stronger in the manufacturing industry than in services).
Thus, based on existing literature, we believe that the participation in cooperation activities, in particular international cooperation, tends to have a positive effect on the innovation of companies because, according to Arvanitis and Bolli (2012) , the motivation underlying i n t e r n a t i o n a l c o o p e r a t i o n f e a t u re s t h e determinants associated with knowledge (e.g. use of technological synergies, access to specialized technology) because of the greater likelihood of finding, abroad, highly technologically skilled partners than within a single small country (Portugal). Moreover, and according to the same authors, these reasons seem to be more focused on finding a stronger innovative performance rather than on cost savings, which tends to benefit global companies' efficiency gains.
Below is our working hypothesis:
H 4 : T h e d e g re e o f o p e n n e s s t o cooperation for innovation with foreign entities (companies, suppliers, clients, universities, etc.) is positively associated with innovation
H4a: The strength of the influence of the degree of openness to cooperation for innovation with foreign entities differs for the KIBS sector, compared to other service sectors Innovation performance in service companies and KIBS vis-à-vis manufacturing: the relevance of absorptive capacity and openness H4b: The strength of the influence of the degree of openness to cooperation for innovation with foreign entities differs for the services, compared to manufacturing industry
Control variables
Other variables, for e.g., the size of the company, activity sector in which it operates, whether it is part of a group of multinational companies and its location in space enable the characterization of companies under study and are often used as control variables, since they are recognized, by literature, as being influential in the innovative performance of companies (He & Wong, 2009) .
Company size can be considered an ambiguous determinant (Jong, Bruins, Dolfsma, & Meijaard, 2003; Pires et al., 2008) because while the larger companies provide the necessary resources to promote innovation and are less exposed to risk of failure thereof, small companies have more flexible and less paper-sapping management structures that benefit innovation, so the effects whirl in opposite directions.
In the overall analysis of companies, as Pires et al. (2008) reason, size is positively relevant for all types of innovation studied (i.e., larger companies are more likely to introduce product and process innovations), but, as to the service companies, this is not the case -in fact, the impact is significantly greater than that observed for industry in process innovation only. Schmidt and Rammer (2006) show that size, for all the companies studied, is positively and significantly related to both technological and non-technological innovation. He and Wong (2009) also agree that size is positively and significantly relevant for (product and process) innovation in the KIBS.
An important corporate feature is whether the companies under study are part of a multinational group. The insight of Pires et al. (2008) is that a company belonging to a multinational group would have a higher probability of being innovative, that is, multinationality would increase the efficiency of the innovative process due to, among other factors, greater learning and knowledge (of the various markets in which it operates), allowing multinational companies to capture and disseminate through their subsidiaries, but also because these subsidiaries are responsible for disseminating the innovative effects in their field of operation. In the data analysis of the overall companies, for a given size and level of R&D investment, the effect of a company participating in a multinational group is negative regarding product innovation, but positive in terms of process innovation. More specifically, for the services, belonging to a multinational group has a greater impact (than the one for the manufacturing industry) on product innovations, but a lower impact in the case of process innovations.
Finally, we can also point out as a relevant variable the impact of localization on innovation, in other words, the influence of regional innovation systems. Understanding the regional patterns of innovation helps explain, for e.g., the decision to locate a company and the tendency to spatial clustering, and it can also be an important instrument for promoting public regional development policies able to address the needs of certain regions and for making them more attractive to investment. Furthermore, it is important to assess the influence of the region and location in the innovative activities of companies (Broekel & Brenner, 2011; Sternberg & Arndt, 2001) . According to Shearmur and Doloreux (2009) , some regions or places are more innovative than others because of the association of institutional and cultural aspects, labor market characteristics and other intangible factors that positively impact on the innovative performance of companies. For Dautel and Walther (2014) , urban fields feature a favorable environment for company innovation, especially for highly innovative companies: greater proximity, clustering of social players and greater interaction between them would result in a higher propensity to innovate.
Methodological considerations
According to our "theoretical model", the determinants of innovation are: 1) the human capital as measured by the proportion of employees with undergraduate, Master's and PhD degrees; 2) the acquisition of knowledge expressed through external and continuous intramural R&D, training for innovation and the purchase of machinery, equipment and software; 3) information sources for innovation, specifically the link with universities; 4) cooperation aimed at innovation, expressed by the cooperation with external and foreign entities (clients, suppliers, ...); and 5) control variables expressed by the size of the company, the element of belonging to a group of companies, multinationality, and location (region).
Since there are official statistics on the innovation activities of companies, collected through the Community Innovation Survey, we chose to use the latest available data from this survey, the CIS-2008, through a protocol signed with the Directorate General Statistics on Education and Science -DGEEC.
Thus, as dependent variables of our model we have, in addition to the various types of innovation that the CIS-2008 aims to measure (product, process, organizational and marketing innovation) and which will be directly implemented by the survey data, the binary variable Innovation, that takes the value 1 if the company belongs to the top 25% of most innovative companies in the sample. This dummy variable was created from an innovation index in which the companies were ordered from the most to the least innovative, based on the total sum of affirmative answers given to the total of 12 types of innovation measured (therefore, the scale of responses varies between 0, when no innovation was made over the 2006-2008 period, and 12, if a company achieved all the various types of innovation in that three-year period).
With regard to the independent variables, human capital was determined from the point of view of schooling of human resources, namely the proportion of all employees working in each company surveyed with graduate, Master's and PhD degrees. To measure knowledge acquisition, we directly used the information collected in the survey, through the questions on the external and ongoing internal R&D, training for innovation and the purchase of machinery, equipment and software. To measure the importance of scientific (Universities and other S&TS, public and private R&D institutes; Scientific journals and other publications), market (customers, suppliers, competitors), and Other (conferences, trade fairs, exhibitions; professional and industry associations) sources of information for innovation, we created dummy variables that take the value of 1 if the company indicates the source as being of "high" importance for its innovation activities.
To measure the intensity of cooperation for innovation with foreign entities, following the already cited work by Laursen and Salter (2004) , 6 we created an index of openness obtained from the responses of companies that claimed to have cooperated in innovation activities between 2006 and 2008. Therefore, each answer on partners of cooperation for innovation identified by the company was codified as a binary variable (excluding the answers related to other group companies -whether in Portugal or abroad -and to partners located in Portugal) and later added. Thus, the greater the number of foreign partners identified by a company, the greater its degree of "openness" to cooperation with such entities, which, in our opinion, will allow us to better list the companies participating in this type of activity and assume that those better placed in this index are among the top companies in terms of cooperation for innovation.
In the case of control variables, size is measured by the (logarithm of the) number of employees in the company in 2008, the information whether the companies belong to a group is collected directly from the survey and multinationality is measured through a variable that gathers all the companies that, belonging to a group of companies, have their registered office or other group companies outside Portugal. To assess the presence or absence of regional innovation patterns, we created dummy variables for each NUTS II region.
The Community Innovation Survey (CIS) is the main tool for collecting information on innovation in European companies, mandatory in all European Union Members States, according to Eurostat methodological guidelines and the conceptual framework established in the Oslo Manual. The CIS-2008 covers the period 2006-2008. As in other studies aiming to examine the determinants of innovation (e.g. Moreira et al., 2012; Pires et al., 2008; Varis & Littunen, 2010) , this study uses a multivariate econometric model, more specifically, a logistic regression. Actually, this estimation procedure allows us to determine how the various determinants mentioned above impact on the likelihood of a company being innovative.
Our units of analysis are the companies located in Portugal. As described in our "theoretical model", the innovative performance of a company depends on five major groups of determinants (the independent variables), including human capital, acquisition of knowledge, information sources for innovation, cooperation for innovation and other control variables. For the dependent variable, "innovative company" is a dummy variable that takes the value of 1 when the company is (top) innovative and 0 when it is not.
To obtain a more direct interpretation of the logistic coefficients, the original equation is rewritten in terms of probabilities of the event taking place (probability ratio between the occurrence and non-occurrence of the event), in order to obtain the following logarithmic model:
The logistic coefficient can be interpreted as a variation of the logarithmic probability associated with a unit variation in the dependent variable. Thus, the value of e raised to b i is the factor by which the odds change when the independent variable increases one unit. If b i is positive, the factor will be greater than 1, which means that the odds have increased; if b i is negative, the factor will be less than 1, which means that the odds have decreased; finally, when b i is 0, the factor equals 1, leaving the odds unchanged.
Empirical results
The models estimated (see Table 1 ) reveal a reasonable goodness of fit: the Nagelkerke's R² is between 0.204 (Model C -Manufacturing) and 0.256 (Model B -KIBS) indicates that the models are good but not great. The -2 LL is a likelihood ratio represents the unexplained variance in the outcome variable -therefore, the smaller the value, the better the fit: the -2 LL obtained in each model in Table 1 is substantially lower than that given for the corresponding null model. Additionally, correct classification of 70%-77% evidence that the models are satisfactory. The Hosmer and Lemeshow Test, the preferred/widely used test of goodness-of-fit (Xie, Pendergast, & Clarke, 2008) , indicate that models fit is good with p-values above 0.10 (i.e., our models predict values not significantly different from what we observed).
Regarding the first hypothesis (H1: Human capital is positively and significantly associated with innovation), estimations reflect that service companies with a greater proportion of human resources holding an undergraduate degree (1 st cycle) are, on average, more innovative (i.e., they fall within the top 25 percentile of innovation) than their counterparts whose employees have lower levels of academic qualification (in percentage terms). However, service companies with a greater proportion of PhDs tend to be less prone to innovation than those with a proportion of human resources whose education level is lower than the undergraduate degree (see Table 1 ). In short, H1 is partially verified.
Additionally, although human capital levels have relatively similar impact for services and KIBS, they distinctly impact on manufacturing companies. For these latter, the percentage of both undergraduate and PhD workers in total fail to emerge as significantly relevant for the innovative performance of manufacturing companies, whereas master endowed workers significantly foster innovation. Thus, H1a is corroborated whereas H2b is supported by the data. Knowledge-related variables emerge as very significantly related to companies' innovation performance, regardless the sector considered. Thus, H2 is strongly supported by our data. Moreover, and based on the size of the estimates, external and continuous R&D efforts seem to be much more important for KIBS than for the generality of Services or for Manufacturing companies. For the latter, training for innovation is particularly (more) crucial. Thus, H2a and H2b are supported by our data.
Estimates associated with the sources of information for innovation support the view that the importance attributed to external sources matter for innovation performance. Thus, H3 is verified. In the service sector and, to a larger extent, in KIBS, the companies that use scientific related sources (e.g., universities and other SC&T entities) emerge as significantly more innovative than other companies in the same sector. On average, and controlling for all the other factors, a KIBS company that attribute high importance to scientific related sources presents an odds ratio of innovation three times higher than their remaining counterparts. Interestingly, this is not true for manufacturing companies. Market related sources (customers, suppliers, competitors) are particularly relevant for service and, in a lesser extent, for manufacturing companies. This means that H3a is partially confirmed, whereas no sufficient evidence exists to verify H3b.
Overall, companies that reveal a greater degree of openness to cooperation for innovation with foreign entities, whether competitors, suppliers, clients, universities or others, appear to be more innovative (i.e., H4 is corroborated). No noticeable differences exist regarding the size and the significance of the estimates of this variable for Services and Manufacturing, but for KIBS, the size and significance (Model 2B) of the corresponding estimates are lower. In short, H4a is supported, whereas H4b cannot be confirmed.
Regarding the control variables (region, multinationality, belonging to a group of companies and size of the company), in general, the results show that in the case of KIBS multinationals (i.e., which have units or registered office of the group located outside Portugal), they are, on average, more innovative than their remaining counterparts. There is no (or very weak) evidence of regional patterns of innovation in the sample under study.
Discussion and conclusions
The scope of this article was to analyze the determinants of innovation in Portugal for the service and KIBS companies as compared to manufacturing companies.
Regarding human capital, we were able to confirm that it is an important determinant of innovation. Our results are partially in line with existing works. In fact, in the results of Pires et al. (2008) , who also worked with CIS data for Portugal (although earlier data), the level of schooling emerges as positively and significantly related with (process) innovation. The same applies to data presented by Schmidt and Rammer (2006) , where process and product innovation showed a positive and significant relationship with the level of schooling of employees.
In the present study, human capital appears as positively associated with innovation in service and KIBS companies, but only up to the 1 st cycle level (undergraduates). Service and (in larger extent) KIBS companies with a higher percentage of PhDs are, in our sample, significantly less innovative. This result is quite surprising, since one would expect that the rise of a more knowledge-based economy would render PhD individuals, who are trained to conduct research, critical elements in the creation, commercialization and diffusion of innovations (Garcia-Quevedo et al., 2012; Herrera & Nieto, 2015) . Our results strongly contradict this idea, at the least for Services and KIBS (in the Manufacturing case nothing can be concluded in this regard). Such results might be explained by over-qualification and/or mismatched qualification (Kulkarni, Lengnick-Hall, & Martinez, 2015) which harmfully impact innovation (Agut, Peiró, & Grau, 2009) .
In terms of services in general, and KIBS in particular, the tendency of these companies to innovate is significantly reduced if the company has a high proportion of employees with a PhD degree, which is surprising when we are talking about knowledge-intensive services. It would also seem to be counter intuitive that, in general, a company tends to be much more innovative if the average level of schooling of its employees is higher, i.e., if its human capital is greater.
Our results emphasize the crucial role played by knowledge-sourcing activities for the innovation process of Portuguese service companies. It is important to highlight the positive and significant impact of both external and continuous in-house R&D in service companies, especially in companies belonging to KIBS (where the impact is even greater). Contrary to the arguments in literature that the innovation process in these companies is non-systematized, ad hoc (Sundbo, 2000) and take place as part of the daily work (Crevani et al., 2011) , results show that companies that, in this sector, effectively and continuously invest in research and development activities are more innovative. This is perfectly consistent with the fact that these activities are not often formally organized, i.e., linked to specific Innovation performance in service companies and KIBS vis-à-vis manufacturing: the relevance of absorptive capacity and openness departments, namely the R&D department (Crevani et al., 2011; Organization for Economic Co-operation and Development [OECD], 2005b; Sundbo, 2000) .
The results are, therefore, in line with those found by Camacho and Rodríguez (2005) for the Spanish service companies. Specifically, the authors found that the most innovative sectors in services are characterized by having, in their innovation process, investments made in internal Research and Development activities, citing the example of the software sector (which is a knowledge-intensive service, i.e., a KIBS).
As regards the information sources for innovation, more specifically the importance of scientific related sources, most notably, universities, in this field, we found that only 22.9% of all companies surveyed mentioned having used universities and other entities of the Scientific and Technological System (SC&T) as an information source, and only 3.2% indicated it as an information source of "high" importance for the company's innovation activities, which suggests a weak relationship between universities and companies, already documented for the Portuguese case (Teixeira & Costa, 2012) . Interestingly, service companies, in general, and (to a larger extent) KIBS companies, in particular, that use scientific sources of information for their innovation activities, and feel that they are a "highly" important source in their innovative process, on average, and all else being equal, tend to be more innovative than their counterparts. Customers, suppliers and competitors are very relevant sources for service companies, which is in line with earlier empirical studies (see Chang et al., 2012) . In contrast with Love, Roper and Bryson (2011) who underlined the relevance of professional associations in the exploitation stage of the innovation value chain, we failed to encounter statistical evidence to support the relevance of such source for services and KIBS innovation performance. For manufacturing companies, the importance of Other sources (e.g., conferences, trade fairs, professional associations) is paramount.
Cooperation for innovation with foreign entities emerges as positively and strongly related to the innovative performance of service companies, including KIBS. Such results corroborate those presented by Arvanitis and Bolli (2012) . Bearing in mind these results, we can state that developing activities in cooperation with foreign partners strongly determines the innovative performance of service companies located in Portugal.
There is a possible mismatch between the national higher education system and Portuguese businesses, which shows in the results on the impact of human capital and information sources for innovation. It would be important to determine in future research the reasons behind this mismatch. However, we can conjecture, for e.g., that there is a possible inadequacy of courses offered by Portuguese universities (especially at the higher levels -PhD) and the demand/need of companies, since hiring more qualified human resources is not reflected in a better innovative performance of companies, not even in the knowledge-intensive ones (with the exception of the manufacturing industry in terms of Masters' degrees). This mismatch between offer/demand can also be the result of the weak relationship between universities and other SC&T entities and companies . Thus, caution is needed in the promotion of public financed programs for encouraging the professional insertion of PhDs in companies. 7 If thoughtlessly managed, these programs might induce lower innovation performance in Services and KIBS.
We believe that these results may reveal a weakness in the relationship between those responsible for organizing the Portuguese National System of Innovation, specifically between companies and the education and research system, corroborating the argument put forward by Fontes and Coombs (2001) , according to which Portugal is a country of "intermediate development" because it has problems/flaws in communication between public and private stakeholders in its national innovation system.
In our opinion, there has to be an effort to bridge the gap between companies and universities, in order to increase the participation of universities day-to-day, in the more practical aspects of innovation, experienced by companies and seldom explored by researchers; and, on the other hand, to provide companies with more technical support in order to encourage and optimize investments in innovation. That is, we must invest in improving and strengthening this relationship for a win-win situation, by collaborating and taking advantage of synergies -and, in the end, the national economic development will be the winner.
Conversely, despite Portuguese companies barely recognizing the value added of scientific sources, most notably universities, for their innovation performance, they are "open" to international cooperation, making this type of innovation a very important determinant in the innovative process. The reasons for this may be related with the characteristics of the Portuguese economy, small and open to the outside, part of a common market, which would facilitate and motivate companies to seek partnerships abroad.
Another aspect to take into consideration is the relationship that can be established between the results obtained for human capital and for the activities of acquiring knowledge. Thus, although the results obtained for the human capital variables are not straightforward, there being even significantly negative impacts on the tendency to innovate by companies belonging to some sectors, this does not mean that they are not concerned with the level of knowledge inside the companies, which corroborates the results of the activities of knowledge acquisition, which turned out to be a cross-cutting determinant. The results of training for the innovation variable, which is always positive and strongly significant in any of the models estimated, whatever the sectors, taxonomies or region, is expressive.
The present study contributes to the empirical literature in the field by showing that even in a relatively laggard country as Portugal in terms of technological performance, service (in particular KIBS) companies that are more open to establish linkages with scientific sources (e.g., universities and other entities of the S&TS), that invest in knowledge sourcing activities such as external and continuous intramural R&D, training activities for innovation, and acquisition of machinery, equipment and software are much more innovative at the various levels (product, process, organizational and marketing).
Our general results are in harmony with the proposed theoretical framework -the services regime -and with Chang et al. (2012) , whose findings established services as systems with varied sources of innovation and manifold innovation paths.
An interesting path for further research in this field would be to assess the extent to which the importance of the distinct determinants of innovation performance varied according to the innovation type.
